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(54) STATOR

(57) To provide a stator, which is capable of substan-
tially uniformly cooling an entire coil end portion, and ca-
pable of increasing the flow rate of a cooling medium
flowing in a cooling path when increasing the supply
amount of the cooling medium, thereby improving cooling
efficiency.

In the stator, a coil end portion 12 includes a plurality
of axial conductor portions 13 provided continuously with
slot conductor portions 11 that are respectively inserted
in the plurality of slots 2, and respectively extend from
the plurality of slots 2 outwards in an axial direction of
the stator. The stator includes a cover member 20 includ-
ing a main body portion 21 that covers at least an outer
peripheral surface of the coil end portion 12 along an
entire circumference, accommodating chambers 22 that
are formed radially inside the main body portion 21 and
individually accommodate the plurality of axial conductor
portions 13, and an introducing path 23 for introducing a
cooling medium into the accommodating chambers 22.
A gap between an inner wall surface of each accommo-
dating chamber 22 and each axial conductor portion 13
serves as a cooling path in which the cooling medium
introduced from the introducing path 23 flows.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a stator includ-
ing a cylindrical stator core having a plurality of slots that
are provided at predetermined intervals in a circumfer-
ential direction, and are open toward an inner peripheral
surface of the stator core, and a coil that has a coil end
portion protruding from an axial end of the stator core.

BACKGROUND ART

[0002] As a method for cooling a coil end portion that
protrudes from an axial end of a stator core, a technique
is known in which a coil end portion is cooled by blowing
a cooling medium from above to an outer peripheral sur-
face of the coil end portion (see, e.g., Patent Document
1 below). In the structure described in Patent Document
1, oil as a cooling medium, which is discharged from an
oil pump, is supplied to a chamber provided above the
coil end portion, and the oil is blown from a nozzle that
is formed in the bottom of the chamber toward the coil
end portion. Then, the coolant blown to the coil end por-
tion cools the coil end portion by heat exchange with the
coil end portion in a path through which the coolant flows
until the coolant falls from the coil end portion.

[Related Art Document]

[Patent Document]

[0003] [Patent Document 1] Japanese Patent Applica-
tion Publication No. JP-A-H08-130856

DISCLOSURE OF THE INVENTION

[Problem to be Solved by the Invention]

[0004] However, in the structure shown in Patent Doc-
ument 1, since the path through which the cooling medi-
um blown to the coil end portion flows until the cooling
medium falls from the coil end portion is not controlled
at all, the cooling medium blown to the coil end portion
flows along an arbitrary path according to the gravity or
the like. Thus, it is difficult to uniformly cool the entire coil
end portion, whereby the temperature may become un-
even, for example, the temperature becomes locally high
in a lower part or the like of the coil end portion.
In addition to the fact that the cooling medium can flow
in an arbitrary path, the flow rate of the cooling medium
during heat exchange with the coil end portion depends
only on the gravity. Thus, even if the amount of cooling
medium blown from the nozzle is increased, the flow rate
of the cooling medium does not necessarily increase ac-
cording to the increase in the amount of cooling medium,
and thus, the cooling efficiency does not necessarily in-
crease accordingly.

[0005] The present invention has been developed in
view of the above problems, and it is an object of the
present invention to provide a stator capable of substan-
tially uniformly cooling an entire coil end portion, and ca-
pable of increasing the flow rate of a cooling medium
flowing in a cooling path when increasing the amount of
cooling medium, thereby improving cooling efficiency.

[Means for Solving the Problem]

[0006] In order to achieve the above object, a stator
that includes a cylindrical stator core, which has a plurality
of slots that are provided at predetermined intervals in a
circumferential direction and open toward an inner pe-
ripheral surface of the stator core, and a coil, which has
a coil end portion protruding from an axial end of the
stator core, has a characteristic structure in which: the
coil end portion includes a plurality of axial conductor
portions, which are provided continuously with slot con-
ductor portions that are respectively inserted in the plu-
rality of slots, and extend from the plurality of slots out-
wards in an axial direction of the stator; the stator includes
a cover member provided with a main body portion that
covers at least an outer peripheral surface of the coil end
portion along an entire circumference, accommodating
chambers that are formed radially inside the main body
portion and individually accommodate the plurality of ax-
ial conductor portions, and an introducing path for intro-
ducing a cooling medium into the accommodating cham-
bers; and a gap between an inner wall surface of each
of the accommodating chambers and each of the axial
conductor portions serves as a cooling path in which the
cooling medium introduced from the introducing path
flows.
[0007] According to the above characteristic structure,
in each of the plurality of axial conductor portions, the
cooling path through which the cooling medium flows is
formed in the gap between the axial conductor portion
and the inner wall surface of the corresponding accom-
modating chamber in the cover member. Thus, the axial
conductor portions can be substantially uniformly cooled
in all the slots. Therefore, the entire coil end portion can
be substantially uniformly cooled, whereby non-uniform-
ity of the temperature in the coil end portion can be sup-
pressed.
Moreover, the axial conductor portions are respectively
accommodated in the accommodating chambers, and
the cooling path, through which the cooling medium in-
troduced from the introducing path flows, is defined by
the inner wall surfaces of the accommodating chambers.
Thus, the cooling medium supplied to the accommodat-
ing chambers can be suppressing from flowing in a path
other than the cooling path. Therefore, when the amount
of the cooling medium supplied to the introducing path
is increased, the flow rate of the cooling medium flowing
in the cooling path increases according to the increase
in the amount of cooling medium, whereby the cooling
efficiency can be improved.
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[0008] It is preferable that the cooling path have an
opening that is open inwards in a radial direction of the
stator.
[0009] According to this structure, the cooling medium
can be discharged inwards in the radial direction of the
stator, after cooling the axial conductor portions. Thus,
a discharge path of the cooling medium from the accom-
modating chambers can be appropriately ensured. More-
over, in the case where conductor portions provided con-
tinuously with the axial conductor portions are disposed
radially inside, the refrigerator can be supplied to the con-
ductor portions after cooling the axial conductor portions.
Thus, the refrigerator, which has been used to cool the
axial conductor portions, can be used to cool the con-
ductor portions without wasting the refrigerator.
[0010] Moreover, it is preferable that the cooling path
have an outer peripheral region where the cooling medi-
um flows along an outer surface of each of the axial con-
ductor portions, and lateral region where the cooling me-
dium flows along both side surfaces of the each axial
conductor portion in the circumferential direction of the
stator.
[0011] According to this structure, since the cooling
medium can be supplied to both the outer surface, in the
radial direction of the stator, and the side surfaces, in the
circumferential direction of the stator, of each of the axial
conductor portions, the cooling medium can be made to
flow while contacting the axial conductor portions in a
large contact area. Thus, the axial conductor portions
can be cooled more efficiently.
[0012] Moreover, it is preferable that the cooling path
have a throttle portion where a flow path cross-sectional
area gradually decreases from a junction with the intro-
ducing path toward a downstream side.
[0013] According to this structure, the flow rate of the
cooling medium on the downstream side of the throttle
portion in the cooling path can be made higher than that
of the cooling medium in the introducing path, whereby
the cooling efficiency can further be improved.
[0014] Moreover, it is preferable that the introducing
path be formed by recessed grooves formed in an end
face of the main body portion located on the stator core
side.
[0015] According to this structure, the introducing path
and the main body portion can be the same part, whereby
an increase in the number of parts can be suppressed.
Moreover, the process of forming the introducing path in
the manufacturing of the cover member can be simplified.
[0016] Moreover, it is preferable that the introducing
path have a circulating path, which extends in the entire
circumference on a radially outer side of the accommo-
dating chambers, and a connection path that connects
the circulating path and inside of each of the accommo-
dating chambers.
[0017] According to this structure, the cooling medium
can be supplied to each of the accommodating chambers
only by supplying the cooling medium to the circulating
path.

[0018] Moreover, it is preferable that the connection
path have a first connection path connecting the circu-
lating path and each of the accommodating chambers
through a radial outer wall of the each accommodating
chamber, and a second connection path that is provided
between two adjacent ones of the accommodating cham-
bers, extends radially inwards from the circulating path,
and connects to the accommodating chambers through
circumferential sidewalls of the accommodating cham-
bers.
[0019] According to this structure, the cooling medium
can be supplied to the accommodating chambers from
both the radially outer wall side and the circumferential
sidewall side. Thus, the cooling medium can be relatively
uniformly supplied to each part of the cooling path formed
in the accommodating chambers, whereby the cooling
efficiency can further be improved.
[0020] Moreover, it is preferable that the cover member
have a plurality of radial wall portions, which are radially
disposed along the radial direction of the stator and each
inserted between two adjacent ones of the axial conduc-
tor portions, and each of the accommodating chambers
be formed between two adjacent ones of the radial wall
portions.
[0021] According to this structure, since both inner wall
surfaces of each of the accommodating chambers in the
circumferential direction of the stator can be formed by
the side surfaces of the radial wall portions in the circum-
ferential direction of the stator, whereby the plurality of
accommodating chambers can be appropriately defined
in the circumferential direction.
[0022] Moreover, it is preferable that a ridge that pro-
trudes in the circumferential direction of the stator and
extends in the axial direction of the stator be formed on
an inner end of each of the radial wall portions in the
radial direction of the stator.
[0023] According to this structure, an opening can be
formed in an inner end of each of the accommodating
chambers in the radial direction of the stator, so that the
opening has a smaller width than the width in the circum-
ferential direction of the stator on a radially outer side of
this end.
[0024] Moreover, it is preferable that the stator further
include a sealing member that is an annular disc-shaped
member positioned radially inside the cover member and
attached to the axial end of the stator core, and that closes
openings of the accommodating chambers which are
open inwards in the radial direction of the stator, within
a range of an axial thickness of the sealing member.
[0025] According to this structure, the cooling medium
can be suppressed from flowing inwards in the radial di-
rection of the stator, and entering a gap formed between
the stator and a rotor provided radially inside the stator.
[0026] Moreover, it is preferable that the sealing mem-
ber include a plurality of sealing protrusions provided on
an outer peripheral surface thereof at the same intervals
as those of the plurality of slots, and the sealing protru-
sions respectively close the openings of the accommo-
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dating chambers.
[0027] According to this structure, since the openings
of the accommodating chambers are closed, the cooling
medium can further be suppressed from flowing inwards
in the radial direction of the stator and entering the gap
formed between the stator and the rotor provided radially
inside the stator.
[0028] Moreover, it is preferable that the stator further
include a base member, which is an annular disc-shaped
member having a plurality of recesses formed on an inner
peripheral surface side thereof so that the recesses cor-
respond to the plurality of slots of the stator core, and
which is attached between an axial end face of the stator
core and the cover member.
[0029] According to this structure, the axial position of
the cooling path can be arbitrarily determined by chang-
ing the axial thickness of the base member.
[0030] Moreover, it is preferable that an insulating
sheet be inserted in each of the slots so that a part of the
insulating sheet protrudes from the axial end of the stator,
and an axial thickness of the base member be larger than
a protruding amount of the insulating sheet from the axial
end.
[0031] According to this structure, the cover member
can be suppressed from contacting the insulating sheet.
Thus, the cooling path can be designed while hardly tak-
ing the influences of the insulating sheet into considera-
tion, whereby the cooling path having an appropriate gap
can be easily determined.
[0032] Moreover, it is preferable that a communication
path for providing communication between a cooling me-
dium supply path formed in an outer peripheral surface
of the stator core, and the introducing path provided in
the cover member, be formed in the base member.
[0033] According to this structure, in the case where
the cooling medium supply path is formed in the outer
peripheral surface of the stator core, the cooling medium
can be appropriately supplied from the cooling medium
supply path to the introducing path of the cover member.
[0034] Moreover, it is preferable that the main body
portion be formed so as to cover a part of a region on an
outer side in the radial direction of the stator of an end
face of the coil end portion in the axial end of the stator,
in addition to the outer peripheral surface of the coil end
portion.
[0035] According to this structure, since a larger part
of the axial conductor portions can be accommodated in
the accommodating portions, the axial conductor por-
tions can be cooled more reliably.
[0036] Moreover, it is preferable that the coil end por-
tion have the axial conductor portions, and circumferen-
tial conductor portions which each connect the different
slots in the circumferential direction so as to connect cor-
responding two of the axial conductor portions to each
other, and the cover member be shaped so as to entirely
cover the axial conductor portions when viewed in the
axial direction.
[0037] According to this structure, the entire axial con-

ductor portions can be cooled effectively. Moreover, in
the structure in which the cooling path has an opening
that is open inwards in the radial direction of the stator,
the cooling medium can be supplied to the circumferential
conductor portions after cooling the axial conductor por-
tions. Thus, not only the axial conductor portions but also
the circumferential conductor portions can be cooled ef-
fectively.
[0038] Moreover, it is preferable that the stator further
include a cylindrical member having an inner peripheral
surface in contact with an outer peripheral surface of the
stator core, the stator core be a stacked structure of an-
nular disc-shaped steel plates, a welding groove be
formed in the outer peripheral surface of the stator core
so as to extend in the axial direction in order to further
bond the steel plates in the stacked state together by
welding, an axial flow path, which is a flow path of the
cooling medium flowing in the axial direction on the outer
peripheral surface of the stator core, be formed by the
inner peripheral surface of the cylindrical member and
the welding groove, and the axial flow path serve as a
cooling medium supply path for supplying the cooling me-
dium to the introducing path.
[0039] According to this structure, a cooling medium
flow path along the axial direction can be formed in the
outer peripheral surface of the stator core without forming
excess grooves and the like in the stator core. Moreover,
by supplying the cooling medium in this flow path, the
cooling medium can be appropriately supplied along the
outer peripheral surface of the stator core into the ac-
commodating chambers for cooling the coil end portion.
[0040] Moreover, it is preferable that the cylindrical
member have a circumferential recessed groove, which
is formed in the inner peripheral surface so as to extend
in a circumferential direction of the stator in an entire
circumference of the stator, a circumferential flow path,
which is a flow path of the cooling medium flowing in the
circumferential direction on the outer peripheral surface
of the stator core, be formed by the outer peripheral sur-
face of the stator core and the circumferential recessed
groove, and the circumferential flow path cross the axial
flow path, and communicates with the axial flow path at
the intersection.
[0041] According to this structure, the cooling medium
flow path extending in the circumferential direction can
be formed along the outer peripheral surface of the stator
core only by forming the circumferential recessed groove
in the inner peripheral surface of the cylindrical member.
Thus, the outer peripheral surface of the stator core can
be cooled in a desirable manner by supplying the cooling
medium to this flow path. Moreover, since the circumfer-
ential flow path and the axial flow path cross each other,
and communicate with each other at the intersection,
supply and merge of the cooling medium between both
flow paths can be implemented, whereby both cooling of
the outer peripheral surface of the stator core, and supply
of the cooling medium into the accommodating chambers
can be appropriately implemented.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

[FIG. 1] FIG. 1 is an axial cross-sectional view of a
stator according an embodiment of the present in-
vention.
[FIG. 2] FIG. 2 is a perspective view of the stator in
the state where a cover member has been moved in
an axial direction.
[FIG. 3] FIG. 3 is a perspective view of the stator in
the state where the cover member has been re-
moved, and a cylindrical member has been moved
in the axial direction.
[FIG. 4] FIG. 4 is an exploded perspective view of
the stator.
[FIG. 5] FIG. 5 is a perspective view of the cover
member.
[FIG. 6] FIG. 6 is a partial enlarged view of FIG. 5,
illustrating a flow of a coolant.
[FIG. 7] FIG. 7 is a perspective view of a base mem-
ber.
[FIG. 8] FIG. 8 is a perspective view of a sealing
member.
[FIG. 9] FIG. 9 is a perspective view of the sealing
member.
[FIG. 10] FIG. 10 is a schematic view showing a re-
gion near the boundary between slot conductor por-
tions and axial conductor portions in the state before
the cover member, the base member, and the seal-
ing member are attached, when viewed from a radi-
ally inward direction.
[FIG. 11] FIG. 11 is a schematic view showing the
state where the base member has been attached in
FIG. 10.
[FIG. 12] FIG. 12 is a schematic view showing the
state where the cover member has further been at-
tached in FIG. 11.
[FIG. 13] FIG. 13 is a schematic view showing the
state where the sealing member has further been
attached in FIG. 12.
[FIG. 14] FIG. 14 is an illustration showing a flow of
the coolant in an introducing path in the cover mem-
ber.
[FIG. 15] FIG. 15 shows illustrations showing a flow
of the coolant in a cooling medium supply path and
the introducing path.
[FIG. 16] FIG. 16 is a partially enlarged cross-sec-
tional view of the stator.
[FIG. 17] FIG. 17 is a cross-sectional view taken
along line XVII-XVII in FIG. 16.

BEST MODES FOR CARRYING OUT THE INVENTION

[0043] An embodiment of the present invention will be
described below with reference to the accompanying
drawings. FIG. 1 is an axial cross-sectional view of a
stator 1 according to the present embodiment. FIG. 2 is

a perspective view of the stator 1 in the state where a
cover member 20 of the stator 1 has been moved in an
axial direction. FIG. 3 is a perspective view of the stator
1 in the state where the cover member 20 has been re-
moved, and a cylindrical member 60 has been moved in
the axial direction. FIG. 4 is an exploded perspective view
of the stator 1. As shown in these drawings, the stator 1
of the present embodiment includes the cover member
20 that covers a coil end portion 12, and the cover mem-
ber 20 includes accommodating chambers 22 for individ-
ually accommodating a plurality of axial conductor por-
tions 13 that form the coil end portion 12. The cover mem-
ber 20 further includes an introducing path 23 for intro-
ducing a coolant into the accommodating chambers 22,
so that the coolant introduced from the introducing path
23 flows through a cooling path 30, which is formed by
gaps between the inner wall surface of each accommo-
dating chamber 22 and each axial conductor portion 13,
thereby individually cooling the plurality of axial conduc-
tor portions 13. In the present embodiment, the coolant
corresponds to a cooling medium in the present inven-
tion. The coolant can be, e.g., oil. The structure of the
stator 1 of the present embodiment will be described in
detail below sequentially with respect to a general struc-
ture of the stator 1, the structure of the cover member
20, the structure of a base member 50, the structure of
a sealing member 40, the attachment order, and a cooling
mechanism of the stator 1. Note that, in the following
description, an axial direction, a circumferential direction,
and a radial direction are defined based on the axial cent-
er of the stator 1, unless otherwise specified.

1. General Structure of the Stator

[0044] As shown in FIGS. 1 through 4, the stator 1
includes, as main components, a stator core 3, the cy-
lindrical member 60, a coil 10, the cover member 20, the
base member 50, and the sealing member 40.
[0045] As shown in FIG. 1, the stator core 1 is a stacked
structure of annular disc-shaped electromagnetic steel
plates 6, and is formed in a substantially cylindrical
shape. In the present embodiment, the electromagnetic
steel plates 6 correspond to steel plates in the present
invention. A plurality of slots 2, which extend in an axial
direction of the stator core 3, are provided in the inner
peripheral surface of the stator core 3 at predetermined
intervals along a circumferential direction. The slots 2
have the same cross-sectional shape, and are open on
the inner peripheral surface side at a predetermined
width and a predetermined depth. In the present embod-
iment, the stator core 3 has a total of 48 slots 2 along the
entire circumference. The coil 10 is wound around the
slots 2, thereby forming the coil end portion 12 that pro-
trudes from an axial end of the stator core 3.
[0046] As shown in FIG. 3, recesses, which are re-
cessed radially inwards and used for further bonding the
electromagnetic steel plates 6 in the stacked state to-
gether by welding, are formed at six positions on the outer
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diameter side of each of the plurality of electromagnetic
steel plates 6 of the stator core 3, so as to divide the outer
periphery substantially equally into six. In the stacked
state of the electromagnetic steel plates 6, the recesses
connect to each other in the stacking direction (the same
direction as the axial direction). Thus, welding grooves
61, extending in the axial direction, are formed in the
entire axial length in the outer peripheral surface of the
stator core 3 at positions which divide the outer periphery
substantially equally into six in the circumferential direc-
tion. Note that, as shown in FIGS. 3 and 15, each welding
groove 61 is formed by a pair of grooves that are formed
adjacent to each other.
[0047] The stator core 3 is fixedly accommodated, by,
e.g., shrink fitting or the like, in the cylindrical member
60 whose inner peripheral surface is in contact with the
outer peripheral surface of the stator core 3. The cylin-
drical member 60 has three attaching portions 66 that
are equally distributed in the circumferential direction.
Thus, the stator 1 is configured to be fixable to a case
(not shown) for accommodating the stator 1 by the at-
taching portions 66 of the cylindrical member 60.
[0048] Moreover, as shown in FIG. 3, circumferential
recessed grooves 63, extending in the circumferential
direction in the entire circumference, are formed in the
inner peripheral surface of the cylindrical member 60.
Note that the circumferential recessed grooves 63 are
formed at a plurality of positions in the axial direction.
[0049] As shown in FIGS. 1 and 4, the coil 10 has slot
conductor portions 11 that are respectively inserted into
the plurality of slots 2 of the stator core 3, and the coil
end portion 12. The coil end portion 12 of the coil 10 has:
a plurality of axial conductor portions 13, which are pro-
vided continuously with the slot conductor portions 11
respectively inserted into the plurality of slots 2, and ex-
tend radially outwards from the plurality of slots 2, re-
spectively; and circumferential conductor portions 14,
which connect different slots 2 to each other in the cir-
cumferential direction to connect two axial conductor por-
tions 13 to each other.
[0050] Moreover, the coil 10 is formed in advance in
such a predetermined shape that can be wound around
the stator core 3, and as show in FIG. 1, a plurality of
linear conductors, which form the coil 10, are inserted in
each slot 2 of the stator core 3. Note that, in the present
embodiment, four linear conductors are inserted in each
slot 2. Moreover, the linear conductors of the coil 10 have
a rectangular cross section. In each slot conductor por-
tion 11, the four linear conductors are arranged in line in
a radial direction inside the slot 2. Moreover, the linear
conductors extend in the axial direction continuously with
the slot conductor portions 11, and protrude in the axial
direction from the stator core 3, thereby forming the axial
conductor portions 13 of the coil end portion 12. In each
axial conductor portion 13, the four linear conductors are
bent radially inwards from a state substantially parallel
to the axial direction, while being held aligned in line, and
are arranged so as to be substantially parallel to the radial

direction. Note that, as can be seen from FIG. 4, the axial
conductor portions 13 are positioned so as not to overlap
each other in the circumferential direction. In the present
embodiment, those portions of the linear conductors of
the coil end portion 12, which are located at the same
circumferential positions as those of the slot conductor
portions 11, are the axial conductor portions 13. Moreo-
ver, in each circumferential conductor portion 14, two lin-
ear conductors, which are located outside in the radial
direction in the slot 2, are arranged adjacent to each other
in the radial direction at a position located at a predeter-
mined distance away from the axial end of the stator core
3 in an axially outward direction, and two linear conduc-
tors, which are located inside in the radial direction in the
slot 2, are arranged adjacent to each other in the radial
direction at a position located closer to the stator core 3
than the above position is in the axial direction.
[0051] In the present embodiment, the stator 1 is a
stator that is used for rotating electrical machines that
are driven by a three-phase alternating current, and the
coil 10 also has a three-phase structure (U-phase, V-
phase, and W-phase). Moreover, four linear conductors
of the same phase are inserted in each of two adjacent
slots 2. As shown in FIG. 4, a total of four linear conduc-
tors, which is a combination of two linear conductors lo-
cated outside in the radial direction in one of the adjacent
slots 2 and two linear conductors located outside in the
radial direction in the other slot 2, are arranged adjacent
to each other in the radial direction at a position located
at a predetermined distance away from the axial end of
the stator core 3 in the axially outward direction, and a
total of four linear conductors, which is a combination of
two linear conductors located inside in the radial direction
in the one slot 2 and two linear conductors located inside
in the radial direction in the other adjacent slot 2, are
arranged adjacent to each other in the radial direction at
a position located closer to the stator core 3 than the
above position is in the axial direction.
[0052] As shown in FIG. 4, the circumferential conduc-
tor portions 14 of different phases are positioned so as
to partially overlap each other in the circumferential di-
rection. In order to ensure an electrical insulating property
between the circumferential conductor portions 14 of dif-
ferent phases, an interphase insulating sheet 4 is inter-
posed between the overlapping portions of the circum-
ferential conductor portions 14 of different phases. For
example, a sheet, which is formed by a material having
a high electrical insulating property and high heat resist-
ance, such as a bonded sheet of aramid fiber and poly-
ethylene terephthalate, or the like may be used as the
interphase insulating sheet 4.
[0053] Moreover, as shown in FIG. 4, a void is formed
between the two adjacent axial conductor portions 13.
These voids are formed at predetermined intervals along
the circumferential direction, and the width of the voids
in the circumferential direction is substantially uniform in
the axial direction. Radial wall portions 27 of the cover
member 20, which will be described below, are inserted
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in these voids.

2. Structure of the Cover Member

[0054] FIG. 5 is a perspective view of the cover mem-
ber 20. As shown in FIG. 5, the cover member 20 includes
a main body portion 21, the accommodating chambers
22, and the introducing path 23. The cover member 20
is made of, e.g., an insulating material such as a resin.
[0055] As shown in FIGS. 1 and 2, the main body por-
tion 21 is shaped so as to cover the outer peripheral sur-
face of the coil end portion 12 along the entire circumfer-
ence and so as to entirely cover the axial conductor por-
tions 13 when viewed in the axial direction. In the present
embodiment, the outer peripheral surface of the coil end
portion 12 indicates the surface along the radial outer-
most periphery of the plurality of axial conductor portions
13 of the coil end portion 12.
[0056] The accommodating chambers 22 are spaces
that are formed radially inside the main body portion 21,
and individually accommodate the plurality of axial con-
ductor portions 13, and the number of accommodating
chambers 22 is the same as that of the axial conductor
portions 13. As shown in FIG. 5, the cover member 20
has the plurality of radial wall portions 27 that are ar-
ranged in a radial pattern along the radial direction, and
each radial wall portion 27 is inserted between two ad-
jacent axial conductor portions 13, and each accommo-
dating chamber 22 is formed between two adjacent radial
wall portions 27. Moreover, ridges 28, which protrude in
the circumferential direction and extend in the axial di-
rection, are respectively formed on radial inner ends of
the radial wall portions 27. An opening of each accom-
modating chamber 22 is formed by the space between
the two adjacent ridges 28. Thus, the circumferential
width of the opening of each accommodating chamber
22 is smaller than the circumferential width inside the
accommodating chamber 22.
[0057] The introducing path 23 is a flow path for intro-
ducing the coolant into the accommodating chambers
22. As shown in FIGS. 5 and 6, in the present embodi-
ment, the introducing path 23 has: a circulating path 24,
which is formed by a recessed groove formed in the end
face on the stator core 3 side of the main body portion
21, and extends in the entire circumference on the radially
outer side of the accommodating chambers 22; connec-
tion paths 25, 26 connecting the circulating path 24 and
the inside of each accommodating chamber 22; and in-
troducing ports 29 for introducing the coolant to the cir-
culating path 24. Note that FIG. 6 is a partially enlarged
illustration of FIG. 5, showing a flow of the coolant. The
connection paths have: first connection paths 25, each
connecting the circulating path 24 and the corresponding
accommodating chamber 22 through the radial outer wall
of the accommodating chamber 22; and second connec-
tion paths 26, each provided between the two adjacent
accommodating chambers 22, and each extending radi-
ally inwards from the circulating path 24 and connecting

to the inside of the accommodating chambers 22 through
circumferential sidewalls of the accommodating cham-
bers 22. The same number of introducing ports 29 as
that of welding grooves 61 formed in the stator core 3
described above (six in the present embodiment) are
formed at positions that divide the outer periphery sub-
stantially equally in the circumferential direction.
[0058] As described in detail below, as shown in FIG.
15, which is an illustration showing a flow of the coolant
in a cooling medium supply path 67 and the introducing
path 23, the coolant is supplied to each introducing port
29 through a respective axial flow path 62 formed in the
outer peripheral surface of the stator core 3, and a cor-
responding communication path 51 of the base member
50. In FIG. 6, a flow of the coolant supplied to the intro-
ducing port 29 is shown by solid arrows, where the cool-
ant supplied to the introducing port 29 is supplied to the
circulating path 24, and then, supplied from the circulat-
ing path 24 into the accommodating chambers 22
through the first connection paths 25 and the second con-
nection paths 26.

3. Structure of the Base Member

[0059] FIG. 7 is a perspective view of the base member
50. The base member 50 is made of, e.g., an insulating
material such as a resin. As shown in FIG. 7, the base
member 50 is an annular disc-shaped member having a
plurality of recesses 52 formed on an inner peripheral
surface side so as to correspond to the plurality of slots
2 of the stator core 3, respectively. As shown in FIGS. 1
and 4, the base member 50 is interposed and attached
between an axial end face of the stator core 3 and the
cover member 20. Thus, the axial position of the cooling
path 30 formed by the cover member 20 is determined
by the axial thickness of the base member 50.
[0060] The communication paths 51 are formed in the
base member 50. As shown in FIG. 15, each communi-
cation path 51 is a flow path for providing communication
between the axial flow path 62 formed in the outer pe-
ripheral surface of the stator core 3, and the introducing
path 23 provided in the cover member 20. In the present
embodiment, each communication path 51 is structured
to provide communication between the axial flow path 62
and the introducing port 29, so that the coolant flowing
in the axial flow path 62 is supplied into the accommo-
dating chambers 22. The same number of communica-
tion paths 51 as that of introducing ports 29 (six in the
present embodiment) are formed at positions that divide
the outer periphery substantially equally in the circum-
ferential direction.

4. Structure of the Sealing Member

[0061] FIG. 8 is a perspective view of the sealing mem-
ber 40 as viewed from the coil end portion 12 side. FIG.
9 is a perspective view of the sealing member 40 as
viewed from the stator core 3 side. The sealing member
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40 is made of, e.g., an insulating material such as a resin.
As shown in FIG. 1, the sealing member 40 is an annular
disc-shaped member, which is positioned radially inside
the cover member 20, and is attached to the axial end of
the stator core 3. The sealing member 40 is a member
for closing the openings of the accommodating chambers
22 which are open inwards in the radial direction of the
stator, within the range of the axial thickness of the seal-
ing member 40.
[0062] As shown in FIG. 8, the sealing member 40 in-
cludes a plurality of sealing protrusions 41, which are
provided on the outer peripheral surface of the sealing
member 40 at the same intervals as those of the plurality
of slots 2, and the sealing protrusions 41 are structured
to close the respective openings of the accumulating
chambers 22. Moreover, the sealing member 40 has a
plurality of (24 in the present embodiment) coil receiving
portions 42, in which a part of the linear conductors pro-
vided radially inside the coil end portion 12 is inserted in
the state where the sealing member 40 is attached to the
axial end of the stator core 3.

5. Attachment Order

[0063] The order of attaching the cover member 20,
the base member 50, and the sealing member 40 will be
described below with reference to FIGS. 10 through 13.
Note that these members are fixed so as to obtain a fluid-
tight state. FIG. 10 is a schematic view showing a portion
near the boundary between the slot conductor portions
11 and the axial conductor portions 13 in the state before
the cover member 20, the base member 50, and the seal-
ing member 40 are attached, as viewed from the radially
inward direction. FIG. 11 is a schematic view showing
the state where the base member 50 has been attached
in FIG. 10. FIG. 12 is a schematic view showing the state
where the cover member 20 has also been attached in
FIG. 11. FIG. 13 is a schematic view showing the state
where the sealing member 40 has also been attached in
FIG. 12.
[0064] As shown in FIG. 10, a slot inner insulating
sheet 5 is inserted in each slot 2 so that a part of the slot
inner insulating sheet 5 protrudes from the axial end of
the stator core 3. In the present embodiment, the slot
inner insulating sheet 5 corresponds to an insulating
sheet of the present invention. Like the interphase insu-
lating sheet 4, for example, a sheet formed by a material
having a high electrical insulating property and high heat
resistance, such as a bonded sheet of aramid fiber and
polyethylene terephthalate, or the like may be used as
the slot inner insulating sheet 5.
[0065] As shown in FIG. 11, the base member 50 is
first attached to the axial end of the stator core 3. Note
that the axial thickness of the base member 50 is larger
than a protruding amount of the slot inner insulating sheet
5 from the axial end. At this time, as shown in FIG. 15,
the circumferential position of the base member 50 is
determined so that each communication path 51 of the

base member 50 communicates with a corresponding
axial flow path 62 described below.
[0066] Then, as shown in FIG. 12, the cover member
20 is attached to an axial end of the base member 50,
which is located on the opposite side to an axial end on
the stator core 3 side. At this time, as shown in FIG. 15,
the circumferential position of the cover member 20 is
determined so that each introducing port 29 of the cover
member 20 communicates with a corresponding axial
flow path 62 described below. Since the base member
50 and the cover member 20 contact with each other in
a fluid-tight state, the coolant supplied to the introducing
ports 29 of the cover member 20 flows only in the circu-
lating circuit 24, the first connection paths 25, and the
second connection paths 26, and is supplied to outer
peripheral regions 31 and lateral regions 32 of the cooling
path 30 formed in the accommodating chambers 22, as
shown in FIG. 14. Note that FIG. 14 is an illustration show-
ing a flow of the coolant in the introducing path 23 of the
cover member 20. The cooling path 30 will be described
in detail below.
[0067] Finally, as shown in FIG. 13, the sealing mem-
ber 40 is attached to a radial inner side of the cover mem-
ber 20. As shown in FIG. 13, the sealing protrusions 41
of the sealing member 40 respectively close the openings
of the accommodating chambers 22. Note that the axial
position of the sealing member 40 is determined so that
an end face of the sealing member 40 located on the
stator core 3 side is substantially aligned with an end face
of the cover member 20 located on the stator core 3 side,
as shown in FIGS. 1 and 13. Moreover, the circumferen-
tial position of the sealing member 40 is determined so
that 24 linear conductors, which are disposed closest to
the sealing member 40, out of the linear conductors that
form the coil end portion 12, are inserted in the coil re-
ceiving portions 42 of the sealing member 40.

6. Cooling Mechanism of the Stator

[0068] As described above, the stator 1 of the present
embodiment includes the cylindrical member 60 and the
cover member 20. The cooling medium supply path 67
is formed by the cylindrical member 60, and the cooling
path 30 for cooling the coil end portion 12 is formed by
the cover member 20. The structures of the cooling me-
dium supply path 67 and the cooling path 30 will be de-
scribed in detail below.

6-1. Structure of the Cooling Medium Supply Path

[0069] FIG. 15A is an illustration showing a flow of the
coolant in the cooling medium supply path 67, and the
flow of the coolant is shown by solid arrows. In the present
embodiment, the cooling medium supply path 67 in-
cludes the axial flow paths 62 and circumferential flow
paths 64.
[0070] The axial flow paths 62 is flow paths, which are
formed by the inner peripheral surface of the cylindrical
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member 60, and the welding grooves 61 formed in the
stator core 3, and in which the coolant flows in the axial
direction on the outer peripheral surface of the stator core
3. As described above, the welding grooves 61 are
formed at positions that divide the outer peripheral sur-
face of the stator core 3 substantially equally into six in
the circumferential direction, and the axial flow paths 62
are respectively formed at the positions where the weld-
ing grooves 61 are provided. FIG. 15A shows one of the
axial flow paths 62. Each axial flow path 62 communi-
cates with the corresponding introducing port 29 of the
cover member 20 through the corresponding communi-
cation path 51 of the base member 50 in the axial end of
the stator core 3.
[0071] The circumferential flow paths 64 are flow
paths, which are formed by the outer peripheral surface
of the stator core 3, and the circumferential recessed
grooves 63 formed in the cylindrical member 60, and in
which the coolant flows in the circumferential direction
on the outer peripheral surface of the stator core 3. As
described above, the circumferential recessed grooves
63 are formed at a plurality of positions in the axial direc-
tion, and the circumferential flow paths 64 are respec-
tively formed at the positions where the circumferential
recessed grooves 63 are provided. FIG. 15A shows three
of the circumferential flow paths 64. The axial flow paths
62 and the circumferential flow paths 64 are structured
to cross each other at a plurality of intersections 65, and
to communicate with each other at the intersections 65.
[0072] Since the coolant supply path 67 is structured
as described above, the coolant, which is supplied to a
flow path (not shown) communicating with the axial flow
paths 62 when a pump, not shown, is operated, flows
through the axial flow paths 62, and is supplied to the
introducing ports 29 of the cover member 20 through the
communication paths 51 of the base member 50. More-
over, a part of the coolant flowing in the axial flow paths
62 is distributed to the circumferential flow paths 64, and
the coolant flowing through the circumferential flow paths
64 cools the outer peripheral surface of the stator core
3. After cooling the outer peripheral surface of the stator
core 3, the coolant flows into any of the axial flow paths
62 through any of the intersections 65.

6-2. Structure of the Cooling Path

[0073] The cooling path 30 is a flow path, which is
formed by the gaps between the inner wall surface of
each accommodating chamber 22 of the cover member
20, and each axial conductor portion 13, and in which
the coolant introduced from the introducing path 23 flows.
That is, the cooling path 30 is defined by the inner wall
surfaces of the accommodating chambers 22. Moreover,
since the axial conductor portions 13 are respectively
accommodated in the accommodating chambers 22, the
cooling path 30 is formed around each axial conductor
portion 13. The coolant is supplied to the cooling path 30
from the cooling medium supply path 67 through the in-

troducing path 23 of the cover member 20. FIG. 15B
shows a flow of the coolant in the introducing path 23 of
the cover member 20. In this drawing, the flow of the
coolant when the coolant supplied from the axial flow
path 62 of the cooling medium supply path 67 flows into
the cooling path 30 is shown by solid arrows.
[0074] As shown in FIG. 14, the cooling path 30 has
the outer peripheral region 31 and the lateral region 32,
which communicate with each other. The axial conductor
portion 13 is cooled when the coolant flows in the outer
peripheral region 31 and the lateral region 32. Note that,
as shown in FIG. 14, the cooling path 30 is formed so as
to surround each axial conductor portion 13.
[0075] The outer peripheral region 31 is a region where
the coolant flows along the radial outer surface of the
axial conductor portion 13. As shown FIG. 16, which is
a partial enlarged view of the stator 1, the outer peripheral
region 31 is bent radially inwards along the radial outer
surface of the axial conductor portion 13, and communi-
cates with an opening of the cooling path 30, which is
open radially inwards. Solid arrow in FIG. 16 shows how
the coolant flows in the outer peripheral region 31. More-
over, as shown in FIG. 17, which is a cross-sectional view
taken along line XVII-XVII in FIG. 16, the lateral region
32 is a region where the coolant flows along both circum-
ferential side surfaces of the axial conductor portion 13.
Solid arrows in FIG. 17 show how the coolant flows in
the lateral region 32. The lateral region 32 is also bent
radially inwards along the circumferential side surface of
the axial conductor portion 13, and communicates with
the above opening of the cooling path 30. Note that the
opening of the cooling path 30 is formed by the gap be-
tween the opening of each accommodating chamber 22,
which is not closed by the sealing protrusions 41 of the
sealing member 40, and each axial conductor portion 13.
[0076] As shown in FIG. 14, the coolant supplied to
the introducing port 29 flows into the outer peripheral
region 31 of the cooling path 30 through the circulating
path 24 and the first connection path 25, and also flows
into the lateral region 32 of the cooling path 30 through
the second connecting path 26. Moreover, the coolant
flowing into the cooling path 30 flows toward the above
opening of the cooling path 30, formed on the inner di-
ameter side, along the radial outer surface and both cir-
cumferential side surfaces of each axial conductor por-
tion 13, or through the gaps between the linear conduc-
tors of the axial conductor portions 13. After cooling the
axial conductor portions 13, the coolant flows out of the
cover member 20 through the opening of the cooling path
30, and is supplied to the circumferential conductor por-
tions 14. Then, the coolant cools the circumferential con-
ductor portions 14 when flowing along the circumferential
conductor portions 14.
[0077] Moreover, as shown in FIG. 17, the cooling path
30 has a throttle portion 33 where the flow path cross-
sectional area gradually decreases from a junction with
the introducing path 23 toward the downstream side. The
throttle portion 33 is provided to make the flow rate of the
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coolant on the downstream side of the throttle portion 33
higher than that on the upstream side thereof. In the
present embodiment, the circumferential thickness of the
radial wall portions 27 is determined so that the distance
between two adjacent radial wall portions 27 decreases
from the end face on the stator core 3 side toward a pre-
determined axially outer position. The circumferential
thickness of the radial wall portions 27 is determined as
described above in the entire region in the radial direction
except for the locations where the ridges 28 are formed.
Note that the opening of the cooing path 30 is formed by
the gaps between the opening of each accommodating
chamber 22 formed by the ridges 28 of the radial wall
portions 27, and each axial conductor portion 13. Thus,
the throttle portion 33 is formed in the entire region in the
radial direction except for the opening of the cooling path
30.
[0078] Note that a terminal end (a downstream end)
of the throttle portion 33 is located at the same position
as that of the end face of the sealing member 40 located
on the opposite side to the end face on the stator core 3
side, or at a position closer to the stator core 3 than that
position. Note that, in the present embodiment, the ter-
minal end (the downstream side end) is located at sub-
stantially the same position as that of the end face of the
sealing member 40 located on the opposite side to the
end face on the stator core 3 side. Thus, when flowing
axially outwards in the throttle portion 33, the coolant
cannot escape radially inwards from the accommodating
chambers 22, and the flow path cross-sectional area is
reduced in the closed flow path. Thus, the flow rate of
the coolant supplied to the downstream side of the throttle
portion 33 can be effectively increased.

(Other Embodiments)

[0079] (1) The above embodiment has been described
with respect to an example in which the main body portion
21 of the cover member 20 is shaped so as to entirely
cover the axial conductor portions 13 when viewed in the
axial direction. However, embodiments of the present in-
vention are not limited to this. That is, it is also one of
preferred embodiments of the present invention that the
main body portion 21 of the cover member 20 cover a
radial outer region of the axial end face of the coil end
portion 12. Moreover, the main body portion 21 of the
cover member 20 may cover only the outer peripheral
surface of the coil end portion 12 without covering the
axial end face of the coil end portion 12.
[0080] (2) The above embodiment has been described
with respect to an example in which the ridges 28, which
protrude in the circumferential direction and extend in the
axial direction, are formed on the radial inner ends of the
radial wall portions 27. However, embodiments of the
present invention are not limited to this. That is, it is also
one of preferred embodiments of the present invention
that no ridge 28 be formed in the radial inner ends of the
radial wall portions 27.

[0081] (3) The above embodiment has been described
with respect to an example in which the introducing path
23 has the circulating path 24 that extends in the entire
circumference on the radially outer side of the accom-
modating chambers 22, and the connection paths that
connect the circulating path 24 and the inside of each
accommodating chamber 22. However, embodiments of
the present invention are not limited to this. That is, it is
also one of preferred embodiments of the present inven-
tion that the introducing path 23 have no circulating path
24, and the coolant be individually supplied to the indi-
vidual accommodating chambers 22.
[0082] (4) The above embodiment has been described
with respect to an example in which the connection paths
have: the first connection paths 25, each connecting the
circulating path 24 and the corresponding accommodat-
ing chamber 22 through the radial outer wall of the ac-
commodating chamber 22; and the second connection
paths 26, each provided between the two adjacent ac-
commodating chambers 22, and each extending radially
inwards from the circulating path 24 and connecting to
the inside of the accommodating chambers 22 through
the circumferential sidewalls of the accommodating
chambers 22. However, embodiments of the present in-
vention are not limited to this. That is, it is also one of
preferred embodiments of the present invention that the
connection paths have only either of the first connection
paths 25 and the second connection paths 26.
[0083] (5) The above embodiment has been described
with respect to an example in which the slot inner insu-
lating sheet 5 inserted into the slots 2 protrudes from the
axial end of the stator core 3, and the axial thickness of
the base member 50 of the stator 1 is larger than the
protruding amount of the slot inner insulating sheet 5 from
the axial end of the stator core 3. However, embodiments
of the present invention are not limited to this. That is, it
is also one of preferred embodiments of the present in-
vention that the slot inner insulating sheet 5 hardly pro-
trude from the axial end of the stator core 2. In this case,
the stator 1 may be configured to include no base mem-
ber 50.
[0084] (6) The above embodiment has been described
with respect to an example in which the stator 1 includes
the base member 50, and the communication paths 51
for providing communication between the cooling medi-
um supply path 67 formed in the outer peripheral surface
of the stator core 3, and the introducing path 23 provided
in the cover member 20 are formed in the base member
50. However, embodiments of the present invention are
not limited to this. That is, it is also one of preferred em-
bodiments of the present invention that the base member
50 have no communication path 51, in the case where,
for example, no cooling medium supply path 67 is formed
in the outer peripheral surface of the stator core 3. The
stator 1 may be configured to include no base member
50.
[0085] (7) The above embodiment has been described
with respect to an example in which the stator 1 includes
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the sealing member 40, and the sealing protrusions 41
of the sealing member 40 close the openings of the ac-
commodating chambers 22. However, embodiments of
the present invention are not limited to this. That is, it is
also one of preferred embodiments of the present inven-
tion that the sealing member 40 that include no sealing
protrusion 41 close the openings of the accommodating
chambers 22. For example, the openings of the accom-
modating chambers 22 can be closed by the outer pe-
ripheral surface of the sealing member 40. The stator 1
may be configured to include no sealing member 40.
[0086] (8) The above embodiment has been described
with respect to an example in which the cooling path 30
has an opening that is open radially inwards. However,
embodiments of the present invention are not limited to
this. That is, it is also one of preferred embodiments of
the present invention that the cooling path 30 have an
opening that is open axially outwards, rather than radially
inwards, or the cooling path 30 have both an opening
that is open radially inwards, and an opening that is open
axially outwards.
[0087] (9) The above embodiment has been described
with respect to an example in which the cooling path 30
has the outer peripheral region 31 where the coolant
flows along the radial outer surface of the axial conductor
portions 13, and the lateral region 32 where the coolant
flows along both circumferential side surfaces of the axial
conductor portions 13. However, embodiments of the
present invention are not limited to this. That is, it is also
one of preferred embodiments of the present invention
that the cooling path 30 have only one of the outer pe-
ripheral region 31 and the lateral region 32.
[0088] (10) The above embodiment has been de-
scribed with respect to an example in which the cooling
path 30 has the throttle portion 33 where the flow path
cross-sectional area decreases gradually from the junc-
tion with the introducing path 23 toward the downstream
side. However, embodiments of the present invention are
not limited to this. That is, it is also one of preferred em-
bodiments of the present invention that the cooling path
30 have no throttle portion 33.
[0089] (11) The above embodiment has been de-
scribed with respect to an example in which the introduc-
ing path 23 is formed by the recessed grooves formed in
the end face of the main body portion 21 located on the
stator core 3 side. However, embodiments of the present
invention are not limited to this. That is, it is also one of
preferred embodiments of the present invention that the
introducing path 23 be formed by holes provided in the
main body portion 21, or by a member other than the
main body portion 21.
[0090] (12) The above embodiment has been de-
scribed with respect to an example in which the circum-
ferential recessed grooves 63 are formed in the inner
peripheral surface of the cylindrical member 60, and the
circumferential flow paths 64 are formed by the circum-
ferential recessed grooves 63 and the outer peripheral
surface of the stator core 3. However, embodiments of

the present invention are not limited to this. That is, it is
also one of preferred embodiments of the present inven-
tion that no circumferential recessed groove 63 be
formed in the inner peripheral surface of the cylindrical
member 60, and no circumferential flow path 64 be
formed in the outer peripheral surface of the stator core 3.
[0091] (13) The above embodiment has been de-
scribed with respect to an example in which the axial flow
paths 62 are formed in the outer peripheral surface of
the stator core 3 by the inner peripheral surface of the
cylindrical member 60 and the welding grooves 61, and
the axial flow paths 62 are structured as the cooling me-
dium supply path 67 for supplying the coolant to the in-
troducing path 23. However, embodiments of the present
invention are not limited to this. For example, it is also
one of preferred embodiments of the present invention
that the axial flow paths 62 be formed by axial recessed
grooves formed in the inner peripheral surface of the cy-
lindrical member 60, and the outer peripheral surface of
the stator core 3. Moreover, the cooling medium supply
path 67 may be formed by a flow path provided inside a
case accommodating the stator 1 or the like, instead of
being formed by the axial flow paths 62 formed in the
outer peripheral surface of the stator core 3.
[0092] (14) The above embodiment has been de-
scribed with respect to an example in which the stator
core 3 is accommodated in the cylindrical member 60.
However, embodiments of the present invention are not
limited to this. That is, it is also one of preferred embod-
iments of the present invention that the stator core 3 be
fixed directly to a case, instead of being accommodated
in the cylindrical member 60.
[0093] (15) The above embodiment has been de-
scribed with respect to an example in which the coil 10
is formed in advance in such a predetermined shape that
can be wound around the stator core 3, and the linear
conductors of the coil 10 have a rectangular cross sec-
tion. However, embodiments of the present invention are
not limited to this. That is, it is also one of preferred em-
bodiments of the present invention that the linear con-
ductors of the coil 10 have a cross-sectional shape other
than a rectangular cross-section, such as a circular
cross-section. It is also one of preferred embodiments of
the present invention that the coil 10 be not formed in
such a predetermined shape that can be wound around
the stator core 3.
[0094] (16) The above embodiment has been de-
scribed with respect to an example in which the stator 1
is a stator that is used for rotating electrical machines
that are driven by a three-phase alternating current. How-
ever, embodiments of the present invention are not lim-
ited to this. That is, it is also one of preferred embodiments
of the present invention that the stator 1 be a stator that
is used for rotating electrical machines that are driven by
electric power other than the three-phase alternating cur-
rent.
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INDUSTRIAL APPLICABILITY

[0095] The present invention can be preferably used
for various known stators that include a cylindrical stator
core, which has a plurality of slots provided at predeter-
mined intervals in a circumferential direction and being
open toward an inner peripheral surface of the stator
core, and a coil, which has a coil end portion protruding
from an axial end of the stator core.

[Description of the Reference Numerals]

[0096]

1: Stator
2: Slot
3: Stator core
5: Slot inner insulating sheet (Insulating sheet)
6: Electromagnetic steel plate (Steel plate)
10: Coil
11: Slot conductor portion
12: Coil end portion
13: Axial conductor portion
14: Circumferential conductor portion
20: Cover member
21: Main body portion
22: Accommodating chamber
23: Introducing path
24: Circulating path
25: First connection path (Connection path)
26: Second connection path (Connection path)
27: Radial wall portion
28: Ridge
30: Cooling path
31: Outer peripheral region
32: Lateral region
33: Throttle portion
40: Sealing member
41: Sealing protrusion
50: Base member
51: Communication path
52: Recess
60: Cylindrical member
61: Welding groove
62: Axial flow path
63: Circumferential recessed groove
64: Circumferential flow path
65: Intersection
67: Cooling medium supply path

Claims

1. A stator that includes a cylindrical stator core, which
has a plurality of slots that are provided at predeter-
mined intervals in a circumferential direction and
open toward an inner peripheral surface of the stator
core, and a coil, which has a coil end portion pro-

truding from an axial end of the stator core, wherein
the coil end portion includes a plurality of axial con-
ductor portions, which are provided continuously
with slot conductor portions that are respectively in-
serted in the plurality of slots, and extend from the
plurality of slots outwards in an axial direction of the
stator,
the stator includes a cover member provided with a
main body portion that covers at least an outer pe-
ripheral surface of the coil end portion along an entire
circumference, accommodating chambers that are
formed radially inside the main body portion and in-
dividually accommodate the plurality of axial conduc-
tor portions, and an introducing path for introducing
a cooling medium into the accommodating cham-
bers, and
a gap between an inner wall surface of each of the
accommodating chambers and each of the axial con-
ductor portions serves as a cooling path in which the
cooling medium introduced from the introducing path
flows.

2. The stator according to claim 1, wherein
the cooling path has an opening that is open inwards
in a radial direction of the stator.

3. The stator according to claim 1 or 2, wherein
the cooling path has an outer peripheral region
where the cooling medium flows along an outer sur-
face of each of the axial conductor portions in the
radial direction of the stator, and a lateral region
where the cooling medium flows along both side sur-
faces of the each axial conductor portion in the cir-
cumferential direction of the stator.

4. The stator according to claim 3, wherein
the cooling path has a throttle portion where a flow
path cross-sectional area gradually decreases from
a junction with the introducing path toward a down-
stream side.

5. The stator according to any one of claims 1 to 4,
wherein
the introducing path is formed by a recessed groove
formed in an end face of the main body portion lo-
cated on the stator core side.

6. The stator according to any one of claims 1 to 5,
wherein
the introducing path has a circulating path, which
extends in the entire circumference on a radially out-
er side of the accommodating chambers, and a con-
nection path that connects the circulating path and
inside of each of the accommodating chambers.

7. The stator according to claim 6, wherein
the connection path has a first connection path con-
necting the circulating path and each of the accom-
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modating chambers through a radial outer wall of the
each accommodating chamber, and a second con-
nection path that is provided between two adjacent
ones of the accommodating chambers, extends ra-
dially inwards from the circulating path, and connects
to the accommodating chambers through circumfer-
ential sidewalls of the accommodating chambers.

8. The stator according to any one of claims 1 to 7,
wherein
the cover member has a plurality of radial wall por-
tions, which are radially disposed along the radial
direction of the stator and each inserted between two
adjacent ones of the axial conductor portions, and
each of the accommodating chambers is formed be-
tween two adjacent ones of the radial wall portions.

9. The stator according to claim 8, wherein
a ridge that protrudes in the circumferential direction
of the stator and extends in the axial direction of the
stator is formed on an inner end of each of the radial
wall portions in the radial direction of the stator.

10. The stator according to any one of claims 1 to 9,
further comprising:

a sealing member that is an annular disc-shaped
member positioned radially inside the cover
member and attached to the axial end of the
stator core, and that closes openings of the ac-
commodating chambers which are open in-
wards in the radial direction of the stator, within
a range of an axial thickness of the sealing mem-
ber.

11. The stator according to claim 10, wherein
the sealing member includes a plurality of sealing
protrusions provided on an outer peripheral surface
thereof at the same intervals as those of the plurality
of slots, and
the sealing protrusions respectively close the open-
ings of the accommodating chambers.

12. The stator according to any one of claims 1 to 11,
further comprising:

a base member, which is an annular disc-
shaped member having a plurality of recesses
formed on an inner peripheral surface side
thereof so that the recesses correspond to the
plurality of slots of the stator core, and which is
attached between an axial end face of the stator
core and the cover member.

13. The stator according to claim 12, wherein
an insulating sheet is inserted in each of the slots so
that a part of the insulating sheet protrudes from the
axial end of the stator, and

an axial thickness of the base member is larger than
a protruding amount of the insulating sheet from the
axial end.

14. The stator according to claim 12 or 13, wherein
a communication path for providing communication
between a cooling medium supply path formed in an
outer peripheral surface of the stator core, and the
introducing path provided in the cover member, is
formed in the base member.

15. The stator according to any one of claims 1 to 14,
wherein
the main body portion is formed so as to cover a part
of a region on an outer side in the radial direction of
the stator of an end face of the coil end portion in the
axial end of the stator, in addition to the outer pe-
ripheral surface of the coil end portion.

16. The stator according to any one of claims 1 to 15,
wherein
the coil end portion has the axial conductor portions,
and circumferential conductor portions which each
connect the different slots in the circumferential di-
rection so as to connect corresponding two of the
axial conductor portions to each other, and
the cover member is shaped so as to entirely cover
the axial conductor portions when viewed in the axial
direction.

17. The stator according to any one of claims 1 to 16,
further comprising:

a cylindrical member having an inner peripheral
surface in contact with an outer peripheral sur-
face of the stator core, wherein
the stator core is a stacked structure of annular
disc-shaped steel plates,
a welding groove is formed in the outer periph-
eral surface of the stator core so as to extend in
the axial direction in order to further bond the
steel plates in the stacked state together by
welding,
an axial flow path, which is a flow path of the
cooling medium flowing in the axial direction on
the outer peripheral surface of the stator core,
is formed by the inner peripheral surface of the
cylindrical member and the welding groove, and
the axial flow path serves as a cooling medium
supply path for supplying the cooling medium to
the introducing path.

18. The stator according to claim 17, wherein
the cylindrical member has a circumferential re-
cessed groove, which is formed in the inner periph-
eral surface so as to extend in a circumferential di-
rection of the stator in an entire circumference of the
stator,
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a circumferential flow path, which is a flow path of
the cooling medium flowing in the circumferential di-
rection on the outer peripheral surface of the stator
core, is formed by the outer peripheral surface of the
stator core and the circumferential recessed groove,
and
the circumferential flow path crosses the axial flow
path, and communicates with the axial flow path at
the intersection.
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